Single doses (0.3 MAC) of thiopentone or fentanyl did not affect the serum liver enzyme concentrations (SGPT, SGOT) in the rat. 0.3 MAC of fentanyl but not of thiopentone given for six consecutive days led to significantly higher SGPT levels (P<O.OJ) versus the control group. Rats that received repeated injections of thiopentone or fentanyl had significantly higher SGPT levels versus the groups that received one injection (P<0.05 and P<O.OJ respectively). Rats that had repeated injections of thiopentone showed a significantly higher SGOT versus the groups that had one injection of thiopentone, fentanyl or normal saline (P<O.OJ, P<0.05 and P<0.05 respectively) .
Since halothane hepatotoxicity has been shown to be reproducible using the hypoxic rat model (HRM) 1,2 other anaesthetics, both inhalational and intravenous, have been found to be capable of producing liver injury in this model. 3, 4 The usefulness of the hypoxic rat model is controversial. 5, 6 In the present study, we investigate the effect of subanaesthetic doses of thiopentone and fentanyl on liver function in rats when these drugs are given either as a single dose or as repeated doses. The experimental conditions we applied were similar to those patients undergoing intensive care in whom narcotics and anaesthetics are given as a continuous infusion or as repeated injections. METHODS Male Wistar rats weighing 200-220 g were housed in cages, 10 animals per cage, and had food and water ad libitum. The animals were divided into six groups: Group I: 10 rats received 32.1 mg/kg bodyweight of thiopentone intra peritoneally (i.p.) as a single dose. This dose of thiopentone is equivalent to 0.3 MAC in terms of anaesthetic potency.7 Group 11: 10 rats received 15.6 /Ag/kg bodyweight of fentanyl (0.3 MAC). 7 Fentanyl was given as a single i.p. injection. Group Ill: 10 rats were injected i.p. with 1.5 ml of normal saline. Group IV: 10 rats were injected i.p. with thiopentone 0.3 MAC or 32.1 mg/kg) for six consecutive days. Group V: 10 rats were given i.p. fentanyl (0.3 MAC or 15.6 /Ag/kg) for six consecutive days. Group VI: 10 rats received i.p. 1.5 ml of normal saline for six consecutive days. Two rats (one in group I and one in group IV) died before completion of the experiment.
All the animals were deprived of food but not water twelve hours before the experiment to mimic the pre-operative conditions in anaesthetic practise. Twenty-four hours after the single or the sixth i.p. injection and twelve hours after food deprivation the animals were killed by exsanguination under ether anaesthesia. Five ml of blood was collected from each animal after heart puncture for measurement of the liver enzymes, SGPT and SGOT. We did not sacrifice untreated rats to determine their liver enzymes. We used as base values the liver enzymes of animals exposed to the same stress as the treated groups but not to the drug under testing. Liver tissue was taken from all animals and slides were prepared for light microscopy examination. The slides were arranged randomly and were examined blindly by G. W. for the presence or absence of centrilobular hepatocyte injury.
For statistical analysis we applied the oneway analysis of variance.
RESULTS
The results and the statistical analysis are summarised in Table 1 . We observed no significant difference in liver enzymes (SGPT, SGOT) after a single dose of thiopentone or fentanyl when compared with the control rats which received normal saline.
SGPT was higher in both thiopentone (IV) and fentanyl (V) groups that received repeated injections versus their control rats but this difference was found to be statistically significant only for the fentanyl group (P<O.OI). With intergroup analysis between groups I-IV, II-V and Ill-VI, we found that repeated injections of thiopentone and fentanyl but not of normal saline were accompanied by significantly higher SGPT values versus the rats that received one injection (P<0.05) for thiopentone and P<O.OI for fentanyl respectively).
With regard to SGOT levels of rats given repeated injections of thiopentone, fentanyl or normal saline, the intragroup comparisons revealed no significant differences. Rats that had repeated injections of thiopentone (group IV) showed significantly higher SGOT levels when compared with groups I (P<O.Ol), 11 and III (P<0.05). Rats exposed to multiple mjections of fentanyl or normal saline exhibited also higher SGOT levels versus the groups I, 11 and III but the difference was not found to be statistically significant. DISCUSSION A single subanaesthetic dose of fentanyl or thiopentone had no effect on liver enzymes. We found that SGPT, the enzyme correlating well with liver function, was significantly higher after repeated injections of fentanyl, but not thiopentone, versus their control rats. SGPT was also significantly higher in groups that had 
Mean serum concentrations (with SDs) of liver enzymes (IU) after a single dose of thiopentone (group I), fentanyl (group Il), or normal saline (group Ill) and after repeated doses of thiopentone (group IV), fentanyl (group V), or normal saline (group VI)
Group SGPT SGOT repeated injections of thiopentone or fentanyl but not normal saline when compared with the rats that received one injection. The repeated injections may account for the higher values of SGOT in groups IV, V and VI but this difference was found to be significantly higher only for the rats that received repeated doses of thiopentone.
With regard to the effect of ether or food deprivation, if any effect exists it applies to all groups, including the controls, and does not explain the differences that occurred between the groups. Besides blood and liver, tissue were taken immediately after exposure to ether and exsanguination, so there was no time for liver injury to take place.
Though no liver necrosis occurred, more than one variable may be responsible for the significant difference observed in SGPT levels after repeated fentanyl injections. There is no evidence of reductive metabolism of fentanyl. The animals breathed an FI02 0.21 and a decreased availability of oxygen to the hepatic cell might have occurred. It has been shown that even breif periods of hypoxia can produce liver necrosis in the rat. 8 Respiratory depression and arterial hypoxaemia can lead to cell destruction and liver enzymes have been found elevated in patients with severe respiratory disease. 9 We could hypothesise that hypoxia secondary to respiratory depression due to fentanyl resulted in the increase of SOPT levels. However, Shingu et al.1O have shown in rats that 0.3 MAC of fentanyl causes very little respiratory depression if any, and would not explain an increase in liver enzymes.
The significant increase in SOPT values after repeated injections of fentanyl correlates with the results of a previous study of liver enzyme values using the hypoxic rat model. Fentanyl caused the most severe hepatic injury when compared with several anaesthetics, with exception of halothane. 4 There is much controversy about the hypoxic rat model, S,6 so in our experiment we applied conditions more comparable with clinical practise. Under the present experimental design, none of the groups develop liver necrosis but the significantly higher SOOT levels in group V reflect an effect of fentanyl on rat's liver function.
An anaesthetic may lead to hepatic injury via mechanisms specific to the agent itself (e.g. reductive matabolism and halothane hepatotoxicity). Anaesthetics may also affect the liver through a common mechanism, that of perturbing the permeability of the biological membranes and cell functions. II -IS Leakage of liver enzymes, particularly of SOPT, out of the cell may be considered an early manifestation of reversible liver injury.
Fentanyl is a very popular drug for continuous or intermittent intravenous administration in ICU patients. Though hepatic function is routinely monitored in these patients, changes in liver enzymes do not necessarily reflect an effect of long-term administration of hypnotics or narcotics. In the ICU patients the liver may also be affected by other drugs and by factors such as the respiratory, haemodynamic and nutritional state of the patient. So the effect of long-term intravenous anaesthetics and narcotics on the liver function of humans remains to be assessed.
